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Eph 受体和它的配体 ephrins 是在 20 世纪 80 年代末被发现的，到目前为止
已发现的 Eph 受体有 15 个，配体有 9 个。与其它受体酪氨酸激酶相比，Eph/ephrins
在活性与信号方面表现出独特的潜能。它们在相互作用过程中除了存在双向传导
信号外还与其他的信号通路之间存在着复杂的 cross-talk。“正向信号”的启动需
要相应的 ephrin 配体结合到特定的 Eph 受体上，从而使得 Eph 受体细胞内的酪
氨酸激酶活化而导致自身磷酸化从而激活下游的底物分子，并会招募含 PDZ 结
构域的蛋白，逐级传导细胞内信号。“反向信号”中 ephrins 则作为信号接收的受
体，被 Eph 激活后向自身所在的细胞传递信号。Eph/ephrins 被认为在不同生理
及病理过程中都发挥着重要的作用，例如，胚胎与神经系统的发育、血管新生、
肿瘤发生等。近年来 Eph 家族在肿瘤细胞生长、繁殖、转移中的作用成为研究
的热点。已有众多关于 Eph 受体的研究表明：Eph 受体及其配体 ephrins 的高水












皮细胞体外实验也显示，EphrinA3 能够抑制 HUAEC 和 HUVEC 细胞的增殖，并





































Eph receptors and their ephrin ligands were identified in the late 1980’s. Until 
today, 15 different receptors and 9 ligands are known. In contrast to other receptor 
tyrosine kinases, Eph receptors/ephrins show unique properties in their activation and 
signaling. Eph receptor/ephrin signaling can proceed bidirectionally, ie “forward” and 
“reverse” signaling. Forward signaling involves binding of ephrins by the appropriate 
Eph receptor. This leads to autophosphorylation of intracellular tyrosine residues of 
the Eph receptor and further to activation of its downstream signal transduction 
cascades. Reverse signaling can take place if the cytoplasmic tail of the ephrin is 
phosphorylated, which results in further activation of different signaling cascades. 
Many studies in the last decade indicate also complex cross-talk of Eph/ephrin 
signaling with other signaling pathways in executing its biological functions. Eph 
/ephrin signaling has been linked to different physiological and pathophysiological 
processes, including embryonic development, angiogenesis, and tumorigenesis. The 
roles of Eph receptors and ephrins during tumorigenesis have recently attracted 
growing attention. It has been reported that the overexpression of Eph receptors and 
their ligands ephrins were implicated in tumor malignancy and clinical prognosis. 
However, research on EphrinA3 function in cancer is limited. In this study, we 
explored the function of EphrinA3 in breast cancer. We found that the expression of 
EphrinA3 was significantly upregulated in clinical samples and in five breast cancer 
cell lines. Overexpression of EphrinA3 in breast cancer cell lines accelerated cell 
growth and migration. In contrast, downregulation of EphrinA3 inhibited cell 
proliferation and migration. In nude mice subcutaneous tumor model, overexpression 
of EphrinA3 fails to effectively promote tumor growth, while knockdown of 
EphrinA3 cannot suppress tumor growth effectively either, associated with tendency 
















mice were sectioned and used for further histological analysis focused on tumor 
angiogenesis. It was observed that overexpression of EphrinA3 reduced blood vessel 
density, while increased vessel density was observed in EphrinA3 knockdown tumors. 
These results were in accordance with in vitro endothelial cell assay, implicating 
EphrinA3 suppresses the proliferation of HUAEC and HUVEC, migration and 
tube-formation of HUVEC. EphrinA3 promotes proliferation and migration of breast 
cancer cells in vitro, however, this effect might be abrogated by tumor angiogenesis in 
tumor formation in vivo. Therefore, it will be important to define the role of EphinA3 
in tumor growth in combination with the effect of tumor angiogenesis. 
















1 前  言 
1.1 Eph 受体和 Ephrin配体 
1.1.1  结构与信号通路 
Eph受体于20世纪80年代被发现 [1]，它是受体酪氨酸激酶族 (RTKs) 中最大
















(TK)、SAM（sterile alpha motif）结构域和C端的PDZ（post-synaptic density protein，
discslarge，zona occludens）结构域[5]。其中，位于近膜区结构域中的两个酪氨酸
残基是自磷酸化的主要位点(Y-P) ，含SH2结构域的信号蛋白，Src 族酪氨酸激



































图 1.1 Eph 受体与 ephrin 配体的结构示意图（BirgitMosch et al，2009） 
Figure 1.1 Structure of Eph receptors and ephrin ligands（BirgitMosch et al，2009） 




































图1.2 Eph受体与ephrin配体间相互作用示意图（BirgitMosch et al，2009） 










































图1.3 Eph/ephrin双向信号通路示意图  






和 EphrinA5 会导致原肠胚和体节发育的缺陷[21]。另外，Eph/ephrins 信号可以与
整合素α5 和纤连蛋白共同作用，影响间充质向皮质转化以及体节边界的形成[22]。 
Eph/ephrins 信号在生长发育以及成体脊椎动物脑发育中发挥作用。基于受体
与配体在相邻菱脑原节中交错表达，EphA4、EphB2、EphB3 以及它们的 B 亚族 
ephrin 配体被认为在菱脑原节边界形成中发挥着重要作用 [23,24]。EphA4 和
EphrinB3 敲除小鼠中的研究显示，这两种蛋白在形成正常的皮质脊髓束纤维中
是必要的，此过程是通 Eph 受体正向信号来实现的[25,26]。Hornberge 等人证明，
正确的 ephrins 的表达对于视网膜神经节细胞轴突的正常生长是很重要的，颞叶
神经轴突中非正常的 EphrinA2 的过量表达会使得防止尾顶盖轴突过度增长的抑






















1.2 Eph 受体和 Ephrin配体与肿瘤形成 
Eph/ephrins 不仅仅在正常生理过程中发挥作用，在肿瘤形成这样的病理过程
也发挥着重要的作用[9,32]。据报道，EphA2、A3 和 EphB1、B2、B3、B4、B6 以





力的增强。Eph 受体和 ephrin 配体的配比也会影响细胞粘附性的变化。例如，Eph




配体与 E-cadherin 等粘附分子相互作用会影响细胞与细胞的粘附。E-cadherin 会
影响 Eph 受体的表达和细胞定位，而 Eph 受体也会影响 E-cadherin 的表达和细胞
定位[39-41]。细胞骨架的重构是细胞运动和侵袭能力增强的另一个先决条件，并且
已有相应的 Eph 受体参与细胞骨架重构的证据。例如，EphA3/EphrinA5 信号可
以诱导视网膜神经节细胞生长锥崩解，并在表达 EphA3 的人肾上皮细胞及黑素
瘤细胞系中导致细胞融合、起泡和脱离[42,43]。在上述两个研究中，Rho 激酶均参
与作用。在横纹肌肉瘤细胞系中 EphA3 受体通过调控 Rho GTPase 来抑制细胞运
动[44]。Eph/ephrin 信号还可以影响细胞存活。在肝癌细胞中，EphrinA2 可以通过
抑制肿瘤坏死因子α（TNF-α）来提高肿瘤细胞存活能力[45]。Jurkat TAg T 细胞
中，ephrinA诱导 Scr和Akt激活的信号，能够抑制由抗原受体诱导的细胞凋亡[46]。 
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